Synthesis. The monolayer MoSe 2 and Mo 1-x W x Se 2 flakes were synthesized though a CVD method conducted in a tube furnace system equipped with a 2" quartz tube. In a typical run, the growth substrates, e.g., Si with 250 nm SiO 2 (SiO 2 /Si) or fused quartz plates cleaned by acetone and isopropanol (IPA), were placed face-down above an alumina crucible containing ~0.2 g of MoO 3 powder (for the growth of Mo 1-x W x Se 2 , a mixture of MoO 3 and WO 3 powder was used), which was then inserted into the center of the quartz tube. Another crucible containing ~1.2 g Se powder was located at the upstream side of the tube. After evacuating the tube to ~5 ×10 -3 Torr, flows of 40 sccm (standard cubic centimeter per minute) argon and 6 sccm hydrogen gas were introduced into the tube, and the reaction was conducted at 780 ºC (with a ramping rate of 30 ºC/min) for 5 min at a reaction chamber pressure of 20 Torr. At 780 ºC, the temperature at the location of Se powder was ~290 ºC. After growth, the furnace was cooled naturally to room temperature. SiO 2 (250 nm)/Si substrate with flakes followed by a 180 C bake. After pattern writing and development, a 10 nm layer of Ti followed by a 50 nm layer of Au was deposited using electron beam evaporation. Finally, well-defined source and drain electrodes were revealed using lift-off process with Acetone/IPA.
Flakes transfer and heterojunction fabrication.

Characterizations. The morphologies and compositions of the monolayer MoSe 2 and Mo 1-
x W x Se 2 crystals were characterized using optical microscopy (Leica DM4500 P), SEM (Zeiss Merlin SEM), AFM (Bruker Dimension Icon AFM), Auger analysis, and TOF-SIMS.
Auger analysis was performed using a Phi680 Scanning Auger Nanoprobe. The Nanoprobe uses a field emission (Schottky) electron gun focused to approximately 15 nm in diameter. Auger electrons are energy analyzed using a double pass cylindrical mirror analyzer (CMA). Elemental maps were acquired using a 10 kV electron probe beam rastered over an area of 128 x128 pixels.
The atomic structures of monolayer MoSe 2 and Mo 1-x W x Se 2 were investigated using aberration-corrected ADF-STEM (Nion UltraSTEM TM 100) operating at 100 kV, using a halfangle range of the annular dark field detector with angles ranging from 86 to 200 mrad.
Raman measurements were performed using a micro-Raman system (JobinYvon Horiba, T64000) based on a triple spectrometer with three 1800 groves/mm gratings equipped with a liquid nitrogen cooled CCD detector. The Raman spectra were acquired under a microscope in backscattering configuration using 532 nm laser excitation (0.1mW laser power). The excitation laser was focused to a ~1 μm spot using a microscope objective (100x, N/A = 0.9).
PL measurements were conducted using a home-built micro-PL setup, which included an upright microscope coupled to a spectrometer (Spectra Pro 2300i, Acton, f = 0.3 m, 150
groves/mm grating) equipped with a CCD camera (Pixis 256BR, Princeton Instruments). The PL was collected through a 100x objective.
The band structures of monolayer MoSe 2 and Mo 1-x W x Se 2 were analyzed using STM/S measurements, which were carried out in an Omicron variable temperature STM. All the measurements were performed at room temperature. Before STM investigations, samples were The layer number, size, and density of the MoSe 2 flakes can be controlled by growth conditions.
With a typical growth condition as described in the Method (under 780 °C growth temperature, 40 sccm Ar, 6 sccm H 2 , 20 Torr reaction chamber pressure for 5 min, and with the growth substrates placed face-down), large, uniform monolayer MoSe 2 flakes were obtained (Fig. S1a) .
When the reaction chamber pressure was increased to 30 Torr with other conditions being unchanged, many bilayer MoSe 2 flakes were obtained (Fig. S1b) . Much smaller monolayer flakes were obtained if the substrates were placed face-up (Fig. S1c) . As the growth time was increased, the density of the monolayer flakes increased, and individual triangular flakes merged into larger domains (Fig. S1d−f) . 
